Abstract--An optimization method based on uniform design in conjunction with genetic algorithm was developed and applied in the optimization of separation condition of 14 drugs in reversedphase ion pair chromatography and satisfactory optimal result was obtained.
I. INTRODUCTION
With the development of theory, technique and instruments, high performance liquid chromatography has become the most efficient separation tool in the analysis of complex samples such as environmental samples, biological samples, medical samples and medical quality control [1] . The complexities of real samples have showed the necessity of optimization of chromatographic separation conditions [2] .
Genetic algorithm is an optimization algorithm that mimics the mechanisms of natural selection described by genetics and the Darwinian theory of evolution [3] . As global searching algorithm, genetic algorithm makes use of artificial intelligence to obtain the solution of rather complex problems, so it has been widely applied in resolving combinatorial optimization problems [4] , and attempter problems [5] due to their parallelism and effective utilization of global information.
In this article, according to traditional optimization methods, a new strategy based on uniform design and genetic algorithm was established. The optimization strategy was described in details and a software package was developed. The optimization strategy was applied in the optimization of separation condition of 14 drugs in reversed-phase ion pair chromatography and satisfactory optimal result was obtained.
II. OPTIMIZATION STRATEGY
The outline of the optimizing process based on genetic algorithm is shown in Figure 1 . The procedures including selection of column system, screening for mobile phase and components, searching for the optimization point of mobile phase, has been discussed in our past work [6] . 
III. EXPERIMENTAL CONDITIONS

A. Apparatus
Waters HPLC 515 pump and 996 Photodiode Array Detector (Waters, USA); the separations were carried out on an ODS column (250×4.6 mm i.d., 5 μm); mobile phase were methanol-0.10% triethylamine (adjusted pH as 5.50 with acetic acid, 10.0 mmol/L sodium 1-heptanesulfonate) (49: 51); flow rate was 1.0 mL/min; detection wavelength was set as 212 nm and the injection volume was 10μL.
B. Reagent
All drugs including caffeine, morphine, monoacetyl morphine, codeine, strychnine, ephedrine, thebaine, heroin, acetyldihydrocodeine, ketamine, tramadol, papaverine, pethidine, narcotin were purchased from the National Institute for the Control of Pharmaceutical and Biological Products (Beijing, China); methanol, triethylamine, acetic acid and sodium 1-heptanesulfonate were all of RP grade and purchased from Shenyang Regent Factory (Shenyang, China). 
IV. RESULTS AND DISCUSSION
According to reports in literatures [7] and our past work [8] , in this experiment reversed-phase ion pair highperformance liquid chromatography with ODS column was chosen as the separation mode for 14 drugs. The mobile phase was composed of methanol-0.10% triethylamine buffer at pH 5.50 (adjusted using acetic acid) and sodium 1-heptanesulfonate was chosen as ion pair reagent. The volume fraction of methanol and the concentration of sodium 1-heptanesulfonate were selected the optimization variables ranging from 10 to 90% (v%) and from 1.0 to 20.0 mmol/L, respectively. The optimum was obtained with the optimization strategy applied uniform design and genetic algorithm according to the principle of the optimization strategy as shown in Figure 2 , the concentrations of methanol was 49% and sodium 1-heptanesulfonate was 10 mmol/L, respectively. The experimental results and predicted data are listed in table 1 and the separation chromatogram of 14 drugs under the optimal experimental conditions is listed in Figure 3 , which confirmed that the accuracy to search the optimal condition was very high and the prediction conditions was satisfying. Furthermore, the optimization method mentioned here has two characteristics. One is uniform design, which makes it possible that the starting experiments are uniformly located and the retention of solutes is more accurately predicted in the range of variables to be optimized. Therefore, the disadvantages of the sequential approaches such as simplex for the local optimum can be overcome. Another is genetic algorithm, which makes it possible to increase the accuracy for prediction of the migration times of solutes. Moreover, the global optimum can be obtained. V. CONCLUSION
The optimization method using uniform design and genetic algorithm was applied in optimizing the chromatographic separation in reversed-phase ion pair chromatography mode. The process of optimizing both the content of methanol and sodium 1-heptanesulfonate (ion pair reagent) in the mobile phase using uniform design and simulated annealing genetic algorithm was introduced in detail. 14 drugs were selected to test the optimization method and the optimum was obtained by optimization procedures, the mean relative deviation between predicted and experimental values was only 1.66% under the optimum separation condition. The results shown that the method using uniform design and genetic algorithm is efficient and it has potential application not only in the optimization of two parameters, but also of much more than two parameters. 
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